Cleveland, Ohio 44135 U.S.A.
The Schuchuli s y stem has a 3.5 kl. (peak) solar array which provides electric power for village water pumping, a refrigerator for each family, light: in the village buildings, and a :ommu ity washing machine and sewing machine. The 1.8 k-(peak) Tangaye system provides power for community water pumping, flout• milling and lights in the milling building.
These are hoth stand-alone systems (i.e., no back-up power source) which are being operated and maintained b y local personnel. Both systems are instrumented. S y stems operations a r t, being monitored by NASA to meas-Llre design adeyL1,1C y and to refine designs for future systems. Baseline socioeconomic studies been performed f)r both villages. Follow-up studies are planned to determine the impact of the power systems on the villagers. This paper describes the designs, hardware, and installations for both systems.
I . INTRODUCTION
Un 16 December, 1978, Schuchuli, Arizona, became the first village in the world to obtain all of its electricit y from the photovoltaic (PV) con-i t version of solar e tier gy. Schuchuli is a small village on the western edge of the 1 113 360 hectare Papago Indian Reservation in southwestern Arizona. The village's 15 families (95 people) are 27 km from the nearest available electric utilit y power. Before installation of the PV power s y stem, their choice of foods was restricted because of lack of refrigeration. Cattle, which the y raise, and game provided sources of meat, but these had to be consumed quickly or preserved b%• dr y ing. Water was provided by a dieselpowered pump,and kerosene lambs and candles provided lighting in the homes. :1 commercially available sewing machine having a 1/8 lip, 120 V universal motor was also installed in the ',)SB.
Because of a number of uncertainties regarding load usage at Schuchuli, a load management system is utilized to protect the battery from excessive discharge and to maintain operation of critical loads at the expense of less critical loads. Battery DOD is used to trigger sequential load shedding. Battery DOD is determined by sensing end-of-discharge voltage of four pilot cells which during discharge are sequentially connected in series with the main batter y cells. One pilot cell has a 1055 All capacity and the other three each has a 310 All capacity. Together the pilot cells represent 80%' capacity of the main batter y in 50, 10, 10, and 10', increments. At 50% DOD the washing and sewing machines are disconnected; at 60 DOD village lights are disconnected; at 70% DOD the water pump is disconnected; and at 802. the refrigerators are disconnected. The pilot cells are recharged and the associated loads are reconnected in the reverse sequence. During normal operation, i.e., when the main batter y is fully charged, all four pilot cells are connected in parallel and together act as an additional series cell. Pilot cell sequencing and load shedding/ i reconnecting are accomplished by the programmable drum relay.
The Tangaye system contains three loads: the water pump, the flour mill, and the lights located in a "till/Batter y Building. System size (i.e., arrav peak power and batter y capacity), mill size, and mill operating time per day were based on limitations of available funds. Water pumping was assumed to be limited by the 3 m 3 /day measured yield of the well.
A 1/4 hp, 120 V DC permanent magnet motor drives a ment jack-type pump which can deliver 1.5 m 3 /11 from the deep)well to a 6 x, 3 water storage tank. The water tank attached to a pipe located along its side. Water pumping began 4 weeks after start of installation and milling began 2 weeks later.
CONCLUDING REMARKS
The Schuchuli system has been operating satisfactorily since 16
December 1978. Water pumping has been about one-half that planned for this time of year because of the unusually cold and wet weather and because the women in the village are only gradually beginning to use the washing machine. The people were most grateful for lights in their homes and are gradually changing their food bu y ing habits to use more refrigerated foodstuffs.
The Tangaye system has been operating since 1 March 1979. Running water has been extremel y popular with the villagers and the water pumping rate has reached an astonishing 13.6 m 3 /day. This is about twice the yield 
